Since attention was drawn by the work of Mackay' to the great frequency of anaemia during infancy, many investigators have studied the problem. As part of the large-scale investigation into the iron-deficiency aniaemias of the poor classes, which has been carried out in Aberdeen 2 3 haemoglobin estimations by the Haldane method have been made in 789 infants of all ages up to twenty-three months. A chart showing the course of the haemoglobin level according to age in 629 infants has already been published3. Since that time haemoglobin estimations of 160 infants between the ages of nine and twenty-three months have been made, and in figure 1 the results obtained in the complete series of 789 infants are presented. The figure at each point on the curve represents the number of infants available for calculation of the average haemoglobin level for each age. It is seen that a very marked fall in haemoglobin level occurs during the first two months of life, namely, from a level of 145 per cent. at birth to 77 6 per cent. at two months. This fall is due to rapid reduction by haemolysis of the polycythaemic state present in the foetus as compensation for the low oxygen tension in the placental circulation. Following the slight rise in average haemoglobin level during the fourth month, the curve falls gradually until the eighth month. Thereafter there is a marked change, the haemoglobin level falling from 78 5 per cent. at the eighth month to 69 6 per cent. for the ages, eleventh month and twelfth to seventeenth months. From this point onwards the curve shows a rise which continues throughout childhood' and which is probably due to the increasing iron content of the diet during this period.
86 per cent. (Haldane) which is deduced by Mackay to be normal for infants of the age group five to fourteen months, is a striking demonstration of the frequency of anaemia among infaints of the poor classes in that city.
It is not proposed to consider all the variations in haemoglobin -level which occur throughout infancy from birth onwards. Attention will be cornfined to the iron-deficiency anaemia of infants from the ninth month to the end of the second year. Moreover, this anaemia will be considered only on the basis of iron-deficiency, without discussion of the numerous other Age NumlMonths.)| ber factors which have been suggested as of etiological importance, e.g., deficiencies of copper4' 5, 6 , manganese7 and other metals, and of vitamin C' '. The part which these other deficiencies play in disorders of haematopoiesis has been rendered prominent by the results of animal experimentation, but their effect in humans is far from certain. The haematological characters of the common anaemias of infancy and the excellent results of treatment with iron preparations containing only insignificant traces of other metals10, point unmistakably to iron deficiency as the factor of paramount importance.
Etiology The etiology of the iron-deficiency anaemia of late infancy may be discussed under four headings (1) the type of milk feeding, (2) the effect of maternal iron deficiency, (3) the birth weight, and (4) the effect of infections.
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Aver- purposes of classification, ' breast-fed ' infants comprise those in whom breast feeding was continued for at least eight months; ' mixed feeding ' signifies breast feeding for at least one month, with artificial feeding during the rest of the period; and ' bottle-fed ' infants are those who were artificially fed throughout or who were breast-fed for less than one month. It is seen that from the age of five months onwards, the average haemoglobin levels of the breast-fed infanits are higher than in those who received ' mixed-feeding,' and considerably higher than in ' bottle-fed ' infants. While it is generally agreed that such differences are due to the higher iron content of human milk and the greater degree of ' availability ' of this iron, there is a lack of data sufficiently reliable for a quantitative assessment of the difference between feeding with human and with cow's milk. In a previous communication" it was estimated that the iron contained in human milk during the first six months of lactation was approximately 180 mgm.
On this basis 240 mgm. may be taken to represent the iron intake of an infant during nine months' breast feeding. Figures for the iron content of cow's milk', 13, 14, 15 are for the most part considerably lower than those for human milk, but they show such marked variation that the calculation of an average figure would be of little value. Moreover, very few ironbalance experiments have been carried out in infanlts fed on breast milk and on cow's milk. Josephs" found a positive iron balance of 6 in breast-fed infants during the first nine months of life may exceed that of artificially-fed infants by such an amount. Hence if this difference in iron retention is reflected quantitatively in the haemoglobin level, the lower haemoglobin concentrations of ' bottle-fed ' infants are readily explained. In summary, it may be said that, although reliable data are insufficient for definite conclusions to be drawn, the greater degree of anaemia present in artificially-fed infants is probably due to a low iron retention. It should, however, be observed that this theory does not explain the fact that in Mackay's series the artificially-fed infants showed lower haemoglobin levels than 'breast-fed infants at all ages from birth to thirteen months, It will be shown latei that, in tie absence of ii creased loss of iron from the body, iron deficiency does not occur in infants of average birth weight in the early months. This is exemplified by the present findings, for in table 2 it is seen that only from the fifth month onwards is there a consistent difference in the haemoglobin levels of breast-fed and artificially-fed infants.
The effect of maternal iron deficiency.-It is generally agreed that maternal anaemia does not influence the haemoglobin level of the infant at birth'9'20,21* The results obtained in 65 infants within twenty-four hours of birth and in 47 infants on the eighth day, support this conclusion (table 3) . It is the view of many authorities1 ' 20, 22, 23, 24 that infants born of anaemic mothers become anaemic towards the end of the first year. The explanation usually given of this late development of anaemia in the infant, is that pregnant women suffering from iron deficiency supply inadequate liver stores of iron to the foetus, and that early exhaustion of these stores follows the milk feeding period of early infancy. It appears that the attractive nature of this hypothesis has rendered its acceptance general, although the scienitific evidence in its favour is very scanty.
Bunge25 was the first to stress the importance of the liver stores of iron at birth. He showed that the liver iron-content of new-born animals was proportionately much greater than in adults and presumed that in infants prolonged milk-feeding would result in anaemia after exhaustion of the iron stores of the liver present at birth. Also, the fact that anaemia occurs in the second and third generations of rats fed on an iron-poor diet26' 27 iS often adduced as evidence that maternal iron deficiency results in the development of anaemia in the offspring. Such results have been applied by many workers to an interpretation of the anaemia of infancy, without regard to the fundamental differences which exist between the iron metabolism of experimental animals and of humans. Rabbits increase their weight six-fold during the almost exclusive milk feeding of the first four weeks of life, and rats grow even more rapidly. An infant weighs approximately only two-and-a-half times its birth weight at the age of nine months. It is obvious, therefore, that the demand for iron during the period of milk-feeding is relatively much less in the infant than in the rabbit or the rat. Consequently it cannot be deduced that the liver store of iron present at birth is of equal importance in humans and in animals. Morever, the relation of total foetal weight to maternal weight is much higher in experimental animals than in the human. For example, a female rat weighing 250 gm. has on an average a litter of eight or nine young with a total weight of 36 to 45 gm., giving a foetal-maternal weight ratio of 1:7 to 1: 56. In the human the ratio is much less, approximately 1: 16. Hence maternal iron deficiency is much more likely to result in foetal iron deficiency in rats than in infants. These simple calculations show clearly that inferences drawn from animal experimentation cannot be applied loosely to the study of the same problem in man.
The theory that maternal iron deficiency leads to a similar condition in the infant depends mainly on the experimental work on animals referred to briefly above, and on the investigations of Strauss20, which have been widely quoted. Strauss found that all the infants of twelve anaemic mothers developed anaemia towards the end of the first year. It has been shown, however, that the occurrence of iron deficiency in infancy is dependent on many different factors, e.g., birth weight and the rate of growth, the type of feeding and the incidence of infections. Hence, unless a series of cases is sufficiently large to exclude variations in these factors, little importance can be attached to the results.
During the course of these investigations the correlation between maternal and infantile anaemia has been especially studied. Haemoglobin estimations were made as far as possible at the same time in 223 mothers and their infants of ages nine to sixteen months (series 1). In 113 cases (series 2) haemoglobin estimations of the mothers had been made also during the pregnancy. None of the mothers or infants in these series had received iron therapy. In both series the mothers were divided into three groups, 'n ormal,' ' mildly anaemic,' and ' severely anaemic.' When haemoglobin estimations of the mothers were maide from nine to sixteen months after the birth of the infant (series 1) the haemoglobin ranges are 85 per cent. and over, 75 to 84 per cent. and less than 75 per cent. In series 2 the ranges are 5 per cent. less for each group owing to the physiological hydraemia of pregnancy. In the infants the average haemoglobin levels have been calculated and are presented in table 4. In series 1 the infants of anaemic mothers show the same average haemoglobin level as the infants born of non-anaemic mothers. Series 2 shows that the average haemoglobin level is 4 7 per cent. lower in infants of anaemic mothers than in those of normal mothers. The significance of this finding is partly counteracted by the fact that the infants of normal mothers are slightly more anaemic than those of mildly anaemic mothers. Therefore serious doubts must exist as to whether either of these slight differences is significant.
It has already been pointed out that the other factors which tend to cause anaemia in infants must be controlled before deductions can be drawn from such investigations. Accordingly the average birth weight and the frequency of ' bottle feeding ' have been calculated for each group and are included in the table. There is little variation in the average birth weight of the different groups, but it is interesting to note that in both series anaemic women were less often able to breast-feed their infants than non-anaemic women. This is a point which warrants further investigation. In summary, these results suggest that infants of anamic mothers are slightly, if at all, more liable to develop anaemia than those of non-anaemic mothers.
It is convenient at this stage to consider briefly the quantitative aspect of iron deficiency in infancy. It has already been pointed out that the haemoglobin level at birth bears no relation to maternal anaemia. The high haemoglobin level of new-born infants is generally agreed to be a compensation for the low oxygen tension in the placental circulation. The reaction of the human organism to low oxygen tension, e.g., in individuals living at high altitudes, appears to be two-fold, comprising polycythaemia and increase in blood volume"8. Therefore, it is to be expected that the blood volume in infants is high. This question has been investigated by several workers"9 ", 1. Lucas and Dearing found that the blood volume of thirty infants not more than two weeks old varied over a wide range, but was, onl an average, 14 7 per cent. of body weight. A decrease occurs during the first year of life, but the available data are insufficient to show the rapidity and extent of this fall. At one year the percentage blood volume still exceeds the figure for adults. Omission to consider the high blood volume during infancy, and particularly at birth, has led authors to adopt an erroneous conception of the iron metabolism of infants.
Taking 31 The accuracy of this figure depends mainly on the magnitude of the blood volume, and, since only few determinations have been made, and these show variation, the figure can be presented merely as an approximation. Nevertheless it may safely be deduced that usually at least 80 per cent. of the iron content of a new-born infant is present in the haemoglobin molecule.
Various figures are founld in the literature for the non-haemoglobin iron content of the liver at birth. Gladstone A total of 4150 mgm. is slightly in excess of the generally accepted figure", but it has already been observed that the figure for blood volume (14 7 per cent.) is based on relatively few results and it is obvious that a lower figure would reduce the blood iron. The above distribution of the iron content of the new-born infant may therefore be taken as approximately accurate.
It has been established that the iron released by the haemolysis which produces the rapid fall in haemoglobin during the first two months of life, is largely conserved:s. This is shown by the balance studies of Josephs"6 and Langstein and Edelstein' 7; and Gladstone"2 has demonstrated that the released iron is stored in the liver. Apparently the total loss during the period of rapid haemolysis is very small, approximately 4 mgm."6. From the end of the second month onwards the infant is in a positive iron balance of approximately 6 Although it is impossible to claim a great degree of accuracy in the above calculations, owing to insufficient information regarding blood volume changes and iron balances, it is clear that the important iron stores in the new-born infant are present in circulating haemoglobin and not in the liver. Indeed, if it is presumed that no liver iron reserve is present at birth and that this deficit of 50 mgm. is wholly reflected in a lower haemoglobin level, then the blood iron at nine months would be 283 mgm. (333-50 mgm.) which represents a haemoglobin level of 73 per cent. Obviously, therefore, a partial deficiency in the liver iron store present at birth can have only a slight effect on the haemoglobin level in later infancy. It may be concluded, then, that not only do these results fail to show any significant correlation between the common degrees of maternal iron deficiency and anaemias in late infancy, but also that the hypothesis generally upheld as explaining such a correlation is unconvincing when examined on a quantitative basis.
The question may be considered also from the standpoint of the maternal iron content. The hypothesis under consideration implies that a woman with iron deficienev supplies to the foetus sufficient iron for a normal haemoglobin level, and, presumably, normal tissue iron at birth, a total of 400 mgm., but fails to supply the 50 mgm. which is the average liver store of iron; i.e., in the presence of iron deficiency the maternal organism always transfers to the foetus 90 per cent. of its normal complement of iron, but fails to transfer the last 10 per cent. necessary for liver storage, an amount which would result in an insignificant alteration in the maternal iron content. Such a theory is untenable. If maternal iron deficiency is reflected in the infant, probably it acts in other ways, such as a lowering of the blood volume. The evidence presented in a previous paper on the iron deficiency anaemias of pregnancy39, showed that the iron drain of the foetus is not sufficiently large to cause a marked effect on the maternal iron content. Therefore. the iron content of the new-born infant is probably independent of that of the mother, except, perhaps, in the most severe degrees of maternal iron deficiency. In this connexion it is interesting to note that the infants of the eight mothers most anaemic during pregnancy (haemoglobin less than 55 per cent.) had an average haemoglobin of 65 5 per cent. when approximately one year old, i.e., less than 4 per cent. below the general average for this age.
Further support of these conclusions is afforded by the effect on the infant of iron treatment of the mother during pregnancy. Ferrous sulphate (nine grains a day) was taken during pregnancy for periods varying from one to four months by 56 of the mothers whose infants were examined when nine to sixteen months old. The effect of this therapy in a series of pregnant women, which included the 56 cases here considered, has been discussed in a previous communication39. It was shown that the haemoglobin levels of the iron-treated women rose during pregnancy and those of the non-treated women fell. The average haemoglobin level of the infants of 56 women treated during pregnancy was 70 3 per cent., while that of 167 infants whose mothers received no treatment was 68 8 per cent. All the infants were nine to sixteen months old at the time of examination. The average birth weight of the infants whose mothers received iron therapy in pregnancy was 7 lb. 9 oz., and 28 5 . It is clearly seen that the lower the birth weight the lower is the haemoglobin level in late infancy. The discussion presented in the previous section makes the reason for this correlation evident. The smaller the infant at birth, the lower is the absolute iron content of circulating haemoglobin. Consequently, less iron is conserved following post-natal haemolysis, to be utilized in the new haemoglobin formation which accompanies growth. It should be emphasized, however, that this explanation depends on the fact that infants of low birth weight grow more rapidly in relation to birth weight than infants of normal weight. If this were not so there would be no greater tendency for the development of iron deficiency in infants small at birth, unless other factors such as increased susceptibility to infection were operative. The importance of the rate of growth in contradistinction to the birth weight has been stressed by Mackay' and by Josephs16. infant similar in all respects except that the weight at nine months is 9 kgm. instead of 7-5 kgm., would theoretically be 68 per cent. In this calculation the tissue iron of the second infant is taken as representing the same relation to body weight as in the first infant. Therefore the haemoglobin level at nine months is 18 per cent. less when the weight at nine months is 2 9 times the birth weight instead of 2 5 times. Absolute accuracy cannot be claimed for these figures, but since the only respect in which the second infant differs from the first is in the weight at nine months, the effect on the haemoglobin level of an increase in rate of growth becomes evident.
Although the correlation between anaemia and low birth weight is wellmarked, it should be realized that the factor of real importance is not group.bmj.com on June 22, 2017 -Published by http://adc.bmj.com/ Downloaded from actually the weight but the total iron content which depends mainly on the blood volume. The correlation holds because the birth weight may conveniently be taken as a rough index of the total blood volume. Nevertheless the work of Lucas and Dearing2'1 has shown that considerable variations in blood volume can occur irrespective of the birth weight. Hence it is possible that a new-born infant of 5 lb., with a high percentage blood volume, may have a higher total blood iron than an infant of 7 lb. with a low blood volume. This may explain why some infants of low birth weight maintain a high haemoglobin level in spite of rapid growth.
Since it is believed that the deposition of iron in the liver occurs especially during the last months of gestation15, many authors consider that the iron-deficiency anaemias, so frequent in premature infants and twins, is due to exhaustion of liver iron stores which are deficient at birth. From what has been said with regard to the effect of low birth weight, it is clearly unnecessarv to postulate such a deficiency. Moreover, it has already been demonstrated that a low iron reserve in the liver at birth can influence only to a slight extent the haemoglobin level in late infancy. With more accurate data than are at present available regarding the blood volume changes and the retention of iron throughout infancy, it would be possible to construct a table showing the expected haemoglobin levels at different ages, according to the weight of the infant at birth. In conclusion it may be said that the anaemias of premature infants and twins is a direct consequence of two factors a low iron content at birth and rapid growth. The effect of infections.-It is generally agreed that infections during infancy tend to cause anaemia. Nevertheless there appears to be a lack of statistical information on this point, and it is not definitely known whether certain types of infection cause a more severe anaemia than others. Mackay' believes that most slight infections do not influence the haemoglobin level, but that severe illnesses of many types, especially pyogenic diseases, are followed by anaemia. During the course of this investigation the history of illnesses suffered by the infants examined was obtained from the mother. In approximately fifty per cent. of the cases diseases of an infective nature had occurred. These were of various types, the most common being nasal catarrh, bronchitis, measles and otitis media. Analysis of the data is showin in table 6. It is seen that there is no significant difference between The results of this part of the investigation may be criticized on several grounds. In the first place, the intelligence of the mothers was not high and it is probable, therefore, that they did not include mild illnesses in their account of the infants' health. The importance of this point will appear later when it will be shown that falls in haemoglobin level may accompany pyrexia due to teething, conjunctivitis and other mild infections. Secondly, the information was obtained at busy out-patient centres by a variety of observers, including unqualified health visitors. It is to be expected, therefore, that considerable differences existed in the care with which a history was elicited from the mothers. Finally, the period elapsing between an infective illness and the haemoglobin determination was in many cases unknown. Thus the investigation was uncontrolled in several respects. In order to check the reliability of these histories, health visitors were asked to make careful inquiry into the incidence of illnesses of all types in infants of the same social status as those discussed in this article. It was found that illness had occurred during the first year of life in 87 per cent. of 428 infants whose mothers were specially interrogated. This suggests that the failure to obtain a correlation between anaemia and infections may be largely due to the fact that almost all the infants had infective illnesses, although a positive history was given in less than 50 per cent of the cases. Nevertheless, if mild infections may cause anaemia, severe infections such as would be noted by mothers and health visitors should logically produce still more anaemia, and therefore, a correlation between haemoglobin levels and a history of illnesses would have been expected. The controlled observations to be described later leave little room for doubt that infections produce anaemia, and it is concluded that clinical data collected routinely by workers in busy out-patient clinics may be of little value.
Definite information regarding the role of infections is afforded by the result of an investigation carried out in an institution in Aberdeen. Twentysix infants of ages six to twenty-two months were observed for approximately one year while under medical supervision and excellent dietetic and hygienic conditions. When the investigation began in December, 1934, the infants showed a wide haemoglobin range from 46 to 89 per cent. The average haemoglobin level was 67 2 per cent. and 26 9 per cent. of the infants were severely anaemic (haemoglobin less than 60 per cent.). In an attempt to estimate the therapeutic efficiency of small doses of ferrous salts, three grains of ferrous sulphate in tablet form was given daily to each infant, in divided doses. This It has been indicated that a breast-fed infant of normal birth weight and free from all illnesses should not theoretically develop iron deficiency before the age of nine months. After this time the increasing iron content of the diet presumably should maintain the haemoglobin at a normal level. It has been clearly shown that this ideal is rarely attained by infants of the poor classes in Aberdeen. Actually only 13 per cent. of infants between the ages of nine and twenty-three months had haemoglobin levels of 80 per cent. or more. Therefore the factors causing anaemia must be prevalent in the class of infants examined. The incidence of low birth weight and artificial feeding has already been discuissed, and it has been shown that a large proportion of the infants had suffered from infections. In an attempt to discover if other factors were of importance in determining the development of anaemia, analysis was made of the infants of ages nine to twenty-three months who weighed at least 7 lb. at birth, were breast fed for not less than eight months and who, according to the histories given by the mothers, had no infections during four months prior to examination. Only 56 infants fulfilled these conditions and of these 8 (14 3 per cent.) had haemoglobin values less than 70 per cent., and 2 (386 per cent.) were less than 60 per cent. Therefore, whilst the incidence of anaemia is much less in this group than in the complete series, it is still sufficiently high to lead to the suspicion that factors other than those considered may play an etiological role. The explanation of these cases of anaemia may lie in one or other of the following possibilities:-(1) Recent work has indicated that achlorhydria is of fairly frequent occurrence during infancy and plays an important part in producing iron deficiency44 45'46 . It is therefore possible that achlorhydria was present in some of the anaemic infants in whom no other etiological factor was found.
(2) It has already been emphazied that the birth weight gives only an approximate estimate of the iron content of the infant at birth, owing to the large variations in percentage blood volume which occur. Hence, some of the infants of normal birth weight who developed anaemia may have had a low blood volume.
(3) The unreliable nature of the histories of the infants, as given by their mothers, has already been discussed, and it has been observed that infections regarded as mild might have been overlooked.
(4) It is probable that the type of diet given to infants after weaning varies within wide limits in regard to its iron content. Hence some cases of anaemia during the second year may be due to a low dietary iron intake. accompanyinig most investigations of such a nature on private patients. It is, however, of interest to estimate theoretically the incidence of anaemia in infants of the upper classes, by assessing the probable frequency of the etiological factors discussed above. It is clearly established that the diet of the mother has little or no effect on the birth weight of the infant except in cases of the extreme malnutrition which occurs in times of war and famine is i'. Several investigations have revealed no significant correlation between the birth weights of infants and social class l' ' . It may be deduced, therefore, that the incidence of anaemia due to low birth weight alone is similar in the upper and lower classes. Probably the incidence of infections is less in infants of the upper classes, and the dietary regimen after weaning is in most cases more satisfactory. In this connexion it is of interest to note that the incidence of anaemia among the infants in the institution already described was greater than in the large series of outpatieint infants. Such a result is surprising in view of the fact that the standard of the dietary regimen and the general management of the infants in the institution is certainly much higher than in poor class infants, and probably excels that of babies of the better classes. It is possible that this finding may be explained by a higher incidence of infective illnesses among infants congregated in an institution.
In conclusion it may be said that whilst anaemia is probably less frequent in infants of the upper classes, it should nevertheless be regarded as of real importance and the rules already laid down for the institution of iron therapy should be observed.
Conclusions
I. Subnormal haemoglobin levels (haemoglobin less than 80 per cent.
Haldane) were present in 87 per cent. of 298 poor-class infants between the ages of nine and twenty-three months.
2. The common anaemia of late infancy is due mainly to iron deficiency which is dependent on low birth weight, artificial feeding and infective illnesses.
3. Probably infections have the additional effect of producing inhibition of blood formation. 4 . Anaemia in infancy depends only to a slight extent, if at all, upon the commoil degrees of maternal iron deficiency. 5 . The incidence of anaemia among infants of the better classes is probably somewhat less than among the poor.
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